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Abstract

Nine new monomeric boronates of the type 2-phenyl-6-aza-1,3-dioxa-2-borabenzocyclononen-4-ones (3a—3i) were prepared from
N-(2-hydroxybenzyl)-a-aminoacids la—1i and phenylboronic acid 2 using 20:1 benzene—DMSO mixtures. The compounds were
characterized by 'H-, 3C-, "'B-, ’'N- and 2D-NMR (HETCOR, NOESY and COLOC) experiments, FT infrared, mass spectra and
elemental analysis. Suitable monocrystals of cis-2-phenyl-6-aza-1,3-dioxa-2-borabenzocyclononen-4-one (3a), (25,5S,6R)-2-
phenyl-6-aza-1,3-dioxa-5-sec butyl-2-borabenzocyclononen-4-one (3e) and 2,5-diphenyl-6-aza-1,3-dioxa-2-borabenzocyclononen-4-
one (3h) were obtained and their structures are discussed. The X-ray structures, as well as the NMR data established that the
configurations at the nitrogen and boron atoms are ‘R’ and ‘S, respectively and the transannular fusion is cis. A semi-empirical
(SAM1) study allowed calculation of the energy for all possible stereoisomers, showing that the stabilization increases as the THC
(TetraHedral Character of the boron atom) increases and also as the N —B bond distance decreases, in agreement with the

experimental results. © 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

N-(2-Hydroxy)benzyl-a-aminoacids have been used
as chelating agents with triethoxyborane [1] and some
transition metal compounds, like copper [2—4], zinc [2],
cobalt [2], nickel [2] and manganese [5]. They have also
been used as carriers of technetium radioisotopes for
kinetic biodistribution studies in vivo [6].

As part of our research on boron macrocycles we have
described the synthesis of a series of monomeric,
dimeric, trimeric and tetrameric boronates derived
from tridentate ligands [7—12], which possess one
nitrogen and two oxygen donor atoms (Scheme 1).
The results have shown that in all cases the nitrogen
atom is coordinated to boron [12] propitiating the
assembly of the macrocycles, while the oxygens are

* Corresponding author. Tel.: +52-5557-473721; fax: +52-5557-
477113.
E-mail address: jfarfan@mail.cinvestav.mx (N. Farfan).

involved in the formation of five- or six-membered rings
and intermolecular boron—oxygen bonds. Moreover,
the reaction is dependent on steric, as well as electronic
factors. In the reaction of 2,6-pyridinedimethanol and
phenyl boronic acid, a boronate tetrameric structure
containing four S5-membered and one 20-membered
rings, was obtained through a self-assembled process
[7]. All these compounds showed high hydrolytic
stability due to the tetracoordination of the boron
atoms.

In previous reports, it has been described that the
formation of dimeric and monomeric structures is highly
dependent on reaction conditions as well as the structure
of the salicylidenimino alcohols, thus it is possible in
certain cases to obtain either the dimeric or monomeric
derivatives in high yields by using kinetic or thermo-
dynamic control (Scheme 2) [13]. In all cases, the boron
atom shows a distorted tetrahedral geometry and the
N —B bonds are between 1.6 and 1.7 A, which are
characteristic for dative nitrogen boron bonds [7—13].

0022-328X/02/$ - see front matter © 2002 Elsevier Science B.V. All rights reserved.
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Scheme 1. Monomeric, dimeric, trimeric and tetrameric boronates.

Concerning the stereochemistry at the transannular
fused rings involving the N — B bond, a literature search
shows that the cis stereoisomer is formed in preference
to the trans [14-35].

Herein, we describe the preparation and complete
characterization of nine new boronates of the type 2-
phenyl-6-aza-1,3-dioxa-2-borabenzocyclononen-4-ones
(3a-3i) prepared from N-(2-hydroxybenzyl)-a-aminoa-
cids la—1i and phenylboronic acid 2 using a 20:1
mixture of benzene—-DMSO. The compounds were
characterized by 'H-, *C-, "'B-, IN- and 2D-NMR
(HETCOR, NOESY and COLOC) experiments, FT
infrared, mass spectra and elemental analysis. Suitable
monocrystals of cis-2-phenyl-6-aza-1,3-dioxa-2-bora-
benzocyclononen-4-one (3a), (2S5, 55, 6R)-2-phenyl-6-
aza-1,3-dioxa-5-sec-butyl-2-borabenzocyclononen-4-
one (3e) and 2,5-diphenyl-6-aza-1,3-dioxa-2-borabenzo-
cyclononen-4-one (3h) were obtained and discussed.

2. Results and discussion

2.1. Synthesis of 2-phenyl-6-aza-1,3-dioxa-2-
borabenzocyclononen-4-ones 3a—3i

The condensation reaction of known tridentate
ligands 1a—1i [36] and phenylboronic acid 2 was carried
out as described in the literature [15,16] to obtain 2-

HO.

\/

OH

@\

phenyl-6-aza-1,3-dioxa-2-borabenzocyclononen-4-ones

3a-3i in 68-97% yields (Scheme 3). These tricyclic
derivatives show transannular N — B fusion, 5- and 6-
membered rings and a tetrahedral geometry for the
boron and nitrogen atoms [37].

2.2. Spectroscopic information

The 'H and '*C chemical shift assignments for 3a—3i
are listed in Tables 1 and 2, respectively. The assign-
ments are based on 2D HETCOR, NOESY and
COLOC NMR data.

The '"H-NMR spectra of 3a—3i showed characteristic
couplings of 7.4—1.0 Hz between H-5 and H-6, and 2.9—
1.5 Hz between H-6 and H-7 se (se = pseudoequatorial).
All compounds show an AB system in the 'H-NMR
spectra for the methylene at position 7, except for the
glycine derivative 3a. The chemical shift difference for
the AB system in 3b-3i is larger compared with the
corresponding ligands (Ad =15.8 Hz) [36]. Moreover,
the Ad for benzyl substituted derivatives (3f and 3i) is in
the range of 240.0 Hz compared with the remaining
derivatives which show a difference of 74.3 Hz.

The *C-NMR spectra show the carbonyl signal (C-4)
in the expected range for boronate esters (174.1-171.3
ppm), the C-5 shift is in the range of 56.3—66.6 ppm
except for compound 3a (50.0 ppm). The carbon in
position 7 appears in the range between 45.8 and 49.4
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Scheme 2. Formation of monomeric and dimeric structures.
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Scheme 3. Synthesis of boronates 3a—3i.

ppm. The ipso carbon attached to boron shows chemical
shifts from 141.8 to 143.2 ppm and is observed as a
broad signal (Table 2).

Formation of the tricyclic structure was evidenced by
the ''B chemical shift which appears in the range from
+6.04 to +4.94 ppm, characteristic for tetracoordi-
nated boronate esters [38] and by the >’N-NMR signals,
in the range from —335.1 to —318.5 ppm, demonstrat-
ing that the nitrogen atoms are tetracoordinated [39].

The relative configuration at the H-N — B—Ph frag-
ment was determined through NOESY experiments and
confirmed by the X-ray analyses of compounds 3a, 3e
and 3h. The absolute configuration established by these
methods is ‘R’ for nitrogen and ‘S’ for boron except for
3a and 3h, which underwent partial racemization under
the reaction conditions, as confirmed by 'H and 'C-
NMR experiments using chiral shift reagents.

The IR spectra of compounds 3a-3i show the
carbonyl band in the range 1740—1710 cm~'. In all
cases, the mass spectra showed the molecular ion and
the loss of phenyl and benzene groups from the M ™ to
give tricyclic structures with covalent bonds between the
boron and nitrogen atoms.

2.3. Molecular structures of 3a, 3e and 3h

Crystallographic data for 3a, 3e and 3h are listed in
Table 3, selected bond lengths, angles, torsion angles
and plane deviations are summarized in Table 4, and
molecular structures are shown in Figs. 1 and 2.
Compounds 3e and 3h crystallized with two independent
molecules in the asymmetric unit. The fact that com-
pound 3h crystallized in a centrosymmetric space group
indicated that racemization had occurred. The N —»B

distances found are as follows: 1.667 A for 3a, 1.659 and
1.612 A for 3e, 1.627 and 1.635 A for 3h, in agreement
with the distances found in similar derivatives described
in the literature [14-36], the B—Ocarboxylate distances
present the following values: 1.497 A for 3a, 1.507 and
1.511 A for 3e, 1.514 and 1.498 A for 3h and they shown
a resonance stabilization due to the carboxylic fragment
[40,41], the B—Ophenotic doistances have values of 1.4}6 A
for 3a, 1.429 and 1.420 A for 3e, 1.432 and 1.425 A for
3h in agreement with the literature values for the same
fragment [1]. The structures possess similar dihedral
angles for the H-N - B—Ph fragment, the differences
are due to the nature of the R substituent in position 2,
resulting in dihedral angles of —0.73° for 3a, 3.80 and
9.41 for 3e and finally 31.84° and 32.23° for 3h. Also
there exist intermolecular hydrogen bonds between the
NH proton and the carbonyl oxygen (O2) of the COOB
fragment with magnitudes of 1.961 A for 3a, 1.930 and
2.030 A for 3e, 2.068 and 2.131 A for 3h (Figs. 3 and 4).
In all cases, the 6-membered ring containing the B-N-—
C(3)-C(4)—C(5)-0(3) fragment has a boat conforma-
tion, and the 5-membered ring formed by the B—N-
C(2)-C(1)-0O(1) moiety in 3a is nearly planar, 3e is a
half-chair with the boron and carbonyl carbon atoms
out of plane and 3h shows an envelope conformation,
with the nitrogen atom lifted out of the plane due to the
presence of a phenyl group directly attached to C(2).
The tetrahedral character (THC) of the boron atom
[42] was a useful parameter to evaluate the geometry of
the boron atom for those compounds that crystallized
(3a, 3e and 3h). The magnitudes are % THC = 78.52 for
3a, 77.54 and 79.31 for 3e, %THC = 72.32 and 74.80 for
3h. It is important to mention that the lowest bond angle
measured corresponds to the O(1)-B-N angle with



Table 1

'"H-NMR data of compounds 3a—3i ¢ (ppm) in DMSO-dj

Compound H-5 H-6 H-7se H-7sa H-10 H-11 H-12 H-13 B-C¢H;
ortho meta para

3a 393 8.40 4.17 3.42 6.94 7.30 6.93 7.34 7.56-7.51 7.38-7.31 7.3l
d, J=14.1 s d, Jap=13.9 Jag =139 d,J,=78 t,J,=78 t,J,=86 m m m t, Jo=74
2H 1H IH 1H 1H IH 1H 1H 2H 2H 1H

3b 3.55 8.00 4.14 4.04 6.89 7.30 6.89 7.26 7.50-7.47  7.33-7.30  7.33-7.30
q, J=7.1 bd, J=7.0 dd, Jag = 14.8 Jap=14.8 d, J,=80 tJ,=80 tJ,=77 d,J,=77 m m m
1H 1H Jnu =24, 2H 1H 1H IH 1H 1H 2H 2H 1H

3c 342 7.55 4.23 3.92 6.90 7.39-7.30 6.94 7.39-7.30 7.56-7.50  7.39-7.30  7.39-7.30
dd, J=5.7 sb dd, Jag=13.9 Jag =139 d, J,=8.1 m t,Jo,=173 m m m m
J=3.1, IH 1H Jnu= 1.8, 1H 1H 1H IH 1H 1H 2H 2H 1H

3d 3.36 8.03 4.21 3.93 6.92 7.34-7.32 6.93 7.28 7.53-7.50  7.34-7.32  7.34-7.32
c, /=638 bd, J=6.8 dd, Jag =144 Jap =144 d,J,=73 m t,Jo=74 d,J,=74 m m m
IH IH Jnu=24, 1H 1H 1H IH IH IH 2H 2H 1H

3e 3.40 7.56-7.54 4.20 3.94 6.89 7.34-7.27 6.93 7.34-7.27 7.56-7.54  7.34-7.27  7.34-7.27
dd, J=2.8 m bd, Jag = 13.7 Jap = 13.7 d, J,=8.1 m t,Jo=73 m m m m
Jnu = 1.0,1H IH IH 1H 1H IH IH IH 2H 2H IH

3f 3.71 7.95 4.18 3.36 6.87 7.29-17.22 6.85 6.81 7.38-7.36  7.29-7.22  7.25-7.22
ddd, /=18.7,6.9, 4.2 bd, Jng=6.9 bd, Jap =142 Jap =142 d,J,=78 m t,Jo=70 d,J,=70 m m m
IH 1H IH 1H 1H IH 1H IH 2H 2H 1H

3g 3.64 8.02 4.18 3.96 6.91 7.28 6.92 7.26 7.53-7.51 7.35-7.32  7.35-7.32
¢, J=6.5 bd, Jnp=2.9 dd, Jag =143 d, Jag=14.3 d, J,=77 tJ,=77 t,J,=77 d,J,=77 m m m
IH 1H Jnu=2.9,1H 1H 1H IH 1H 1H 2H 2H 1H

3h 4.69 8.33 4.18 4.01 6.96 7.29-7.22 6.98 7.31-7.29 7.62-7.57 7.35-7.32  7.38-7.36
d, Jnpg = 6.7 bd, Jyu=6.7 dd, Jag=14.3 Jap=14.3 d,J,=83 m t,Jo=78 m m m m
1H 1H Jna = 1.5,1H 1H 1H IH 1H 1H 2H 2H 1H

3i 3.82 8.14 4.08 3.33 6.88 7.34-7.32 6.85 6.79 7.43-740  7.30-7.29  7.25-7.22
ddd, /=38.7,4.7 bd, Jnu=T7.4 dd, Jag=13.2 Jap =132 d,J,=77 m t,Jo=74 d,J,=66 m m t, Jo=179
Jnu =74, 1H 1H Jna =18, IH 1H 1H IH 1H 1H 2H 2H 1H

3b: H-14, 1.40, d, J = 7.3, 3H. 3¢: H-14, 2.26, dhp, J = 7.0, 5.7, 1H; H-15, 1.01, d, J = 7.0, 6H. 3d: H-14, 1.70, t, J = 7.1, 2H; H-15, 1.96, hp, J = 6.8, 1H; H-16a, 0.89, d, J = 6.8, 3H; H-16b, 0.86, d,
J=16.8, 3H. 3e: H-14, 1.94, dd, J=12.3, 8.2, 1H; H-15, 0.84, t, J = 6.4, 3H; H-16a, 1.52—-1.44, m, J = 6.6, 1H; H-16b, 1.42-1.33, J= 6.4, m, 1H; H-17, 0.95, d, J= 6.2, 3H. 3f: H-14a, 3.16, dd,
Jap = 14.5, Jax = 4.2, 1H; H-14b, 3.00, dd, Jop = 14.5, Jgx = 8.7, 1H; H-16, 7.13, d, J, = 8.2, 2H; H-17, 6.77, d, J, = 8.2, 2H; H-OH, 9.40, bs, 1H. 3g: H-14, 2.76-2.64, m, 2H; H-15, 2.17-2.01, m,
2H; H-16, 2.03, s, 3H. 3h: H-15, 7.39-7.37, m, 2H; H-16, 7.46-7.44, m, 2H; H-17, 7.46-7.44, 1H. 3i: H-14a, 3.29, dd, Jap = 14.6, Jox = 8.7; H-14b, 3.13, dd, Jop = 14.6, Jgx = 4.7, 1H; H-16, 7.34—
7.32, m, 2H; H-17, 7.34-7.32, m, 2H; H-18, 7.30-7.29, m, 2H. se, pseudoequatorial; sa, pseudoaxial; s, singlet; bs, broad singlet; d, doublet; bd, broad doublet; t, triplet; ¢, quadruplet; q, quintuplet;
ddt, double double of triplet; hp, heptet; dhp, double of heptets; m, multiplet.
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Table 2

13C, 5N and ""B-NMR data of compounds 3a—3i. d (ppm) in DMSO-ds

Compound C-4 c5 C7 C-8 C-9 C-10 C-11 C-12 C-13 B-C¢Hs SN g
ipso ortho  meta  para

3a 171.3 500 479 1205 1562 119.1 129.6 120.7 130.6 142.7 1323 1279 1283 —335.1 +5.66

3b 174.1 563 458 1189 1559 1187 129.5 1203 130.3 142.8 132.3 127.8 1282  —324.5 +4.95

3c 172.8 66.6 494 1194 1567 121.2 1303 121.7 131.0 142.8 133.0 128.1 128.6 —326.5 +5.15

3d 174.1 58.5 47.7 119.2 156.6 1203 131.0 121.0 132.8 1432 132.8 1282 128.6 —324.0 +4.94

3e 172.3  65.1 485 121.1 1564 119.1 1299 1209 130.7 1427 1326 127.8 1283 —3259 +5.07

3f 1724  60.3 46.1 118.0 155.6 118.1 127.8 119.8 128.9 1423 132.1 127.2 1299 —325.8 +5.08

3g 173.3 589 474 1200 156.1 1189 129.6 120.6 130.6 1426 1324 1279 1283 —325.1 +6.04

3h 171.7 644 46.7 119.1 1557 1185 127.8 1203 130.1 142.5 132.0 1274 129.5 —318.5 +5.01

3i 172.3 600 46.0 117.8 1555 118.1 127.8 119.8 1289 141.8 131.8 127.3 130.0 —325.7 +5.06

3b: C-14, 14.4. 3c: C-14, 29.6; C-15a, 18.3; C-15b, 18.7. 3d: C-14, 39.8; C-15, 25.0; C-16a, 22.4; C-16b, 23.1. 3e: C-14, 35.6; C-15, 25.6; C-16, 12.3;
C-17, 14.9. 3f: C-14, 33.7; C-15, 126.3; C-16, 130.4; C-17, 115.3; C-18, 156.5. 3g: C-14, 29.7; C-15, 29.6; C-16, 14.6. 3h: C-14, 132.9; C-15, 129.6; C-16,
128.9; C-17, 129.3. 3i: C-14, 34.5; C-15, 136.6; C-16, 128.5; C-17, 129.3; C-18, 127.1.

Table 3
X-ray data for 3a, 3e and 3h
Compound 3a 3e 3h
Chemical formula C15H14BN03 C]gszBNO:; C21H13BN03
Molecular weight 267.08 323.19 343.18
Crystal system Monoclinic ~ Orthorhombic Monoclinic
Space group P2/n P2,2,2, P2i/c
Cell parameters
a (A) 7.563(4) 12.803(4) 11.773(5)
b (A) 9.580(2) 12.810(4) 16.430(9)
¢ (A) 18.798(2) 22.071(6) 18.764(3)
o () 90 90 90
£ () 98.66(3) 90 92.16(3)
0 (°) 90 90 90
V(A% 1346.4(8) 3619.8(19) 3627.0(30)
Z 4 8 8
Pealey (Mg m~?) 1.318 1.186 1.257
u (mm~1) 0.091 0.079 0.083
Collected reflections 2941 6824 5169
Riint) 0.0141 0.0000 0.0464
Data 2732 3417 4892
Parameters 237 499 517
Goodness-of-fit on F% 1.020 1.041 0.964
R 0.0388 0.0545 0.0544
Ry, 0.0903 0.1447 0.1053

values of 99.60° for 3a, 98.93 and 99.80° for 3e, 97.58
and 98.83° for 3h, this can be attributed to ring fusion
and strain in the 5-membered ring.

2.4. Semi-empirical calculations of boronates 3—6

In order to evaluate the influence of steric factors on
this reaction, the geometry for all possible stercoisomers
was determined using a theoretical (AM1) approach.

The computational study was performed with the
Hyperchem program [43] for semi-empirical calculations
(AM1 method). A full set of semi-empirical optimiza-
tions was carried out to determine the main preferences
to obtain just the 2(S), N(R), B(S) products (3a-3i), all
the stationary points were classified as minima by
Hessian matrix calculations with the same method
(AM1). The coordinates for SAMI calculations were
obtained from X-ray data.

In compounds 3b—3i the presence of two new stereo-
genic centers (nitrogen and boron) leads to four possible
diastereoisomers with fixed configuration at C-5, while
the glycine derivative 3a does not possess a stereogenic
center and therefore gives only two diastereoisomers
(Fig. 5).

Table 5 summarizes selected information obtained
with the semi-empirical calculations for all the stereo-
isomers (3—6). The calculated properties for each
stereoisomeric serie (3, 4, 5 and 6, respectively) show
that the THC character increases as the energy de-
creases, thus 3>4>5>6. Also the bond length is
inversely proportional to the THC thus the N—B
bond length increases in the seric 3 >4 >5>6, while
the energy increases as the bond length increases (3 >
4>5>06).

The results show that there is an important steric
effect controlling the formation of this fused com-
pounds, the averaged difference in energy between the
cis and trans fused derivatives is —14.53 kcal mol ~'.
However, in the case of related pairs such as 3—5 and 4—
6, the difference is smaller, in the range of —1.5to —8.0
kcal mol ~' depending on the substituent. For com-
pounds 3 and 4 there are two eclipsed interactions while
5 and 6 show four gauche interactions. The deformation
of the fused structure (cis or trans) depends directly on
the substituent effect as evidenced by the H-N-B-Ph
torsion angles.
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Table 4
Selected bond distances (A), bond angles (°), torsion angles (°), plane deviations (A) and THC (%) for 3a, 3e and 3h
3a 3b 3c

Mol. 1 Mol. 2 Mol. 1 Mol. 2
Bond distances (A)
B-N 1.667(3) 1.659(12) 1.612(12) 1.627(7) 1.635(7)
B-0(3) 1.436(2) 1.429(12) 1.420(12) 1.432(7) 1.425(6)
B-0O(1) 1.497(2) 1.507(11) 1.511(11) 1.514(7) 1.498(6)
B-C(10) 1.587(3) 1.592(14) 1.606(14) 1.553(8) 1.580(7)
C(1)-0(1) 1.314(2) 1.291(10) 1.299(9) 1.301(6) 1.301(6)
C(1)-0(2) 1.203(2) 1.222(9) 1.225(9) 1.206(6) 1.207(5)
C(1)-C(2) 1.507(3) 1.513(11) 1.510(11) 1.517(7) 1.517(6)
C(2)-N 1.481(2) 1.507(10) 1.504(10) 1.481(6) 1.506(6)
N-C(3) 1.501(2) 1.499(11) 1.482(10) 1.478(5) 1.491(6)
N-H 0.954(20) 0.904(84) 0.884(79) 0.974(62) 0.842(37)
Bond angles (°)
O(1)-B-N 99.60(14) 98.93(64) 99.80(66) 97.58(44) 98.83(40)
0(3)-B-N 109.84(15) 109.78(71) 111.31(75) 110.02(48) 108.36(43)
O(1)-B-0(3) 109.78(15) 112.08(75) 109.71(75) 108.17(54) 109.36(44)
O(1)-B-C(10) 113.51(15) 110.49(76) 110.14(74) 112.91(55) 111.87(44)
N-B-C(10) 109.17(15) 112.11(74) 113.71(78) 111.48(52) 114.37(44)
0(3)-B-C(10) 113.97(16) 112.68(72) 111.55(83) 115.25(59) 113.09(46)
H-N-B 109.35(119)  106.75(544)  108.15(521)  105.54(367)  107.93(260)
B-N-C(2) 106.01(14) 107.02(61) 107.56(62) 104.90(44) 103.76(39)
B-N-C(3) 112.02(15) 112.15(67) 113.07(66) 112.24(44) 115.04(42)
C(2)-N-C(3) 114.28(14) 111.34(63) 112.38(62) 116.40(44) 114.87(42)
H-N-C(2) 105.99(110)  115.49(532)  109.60(517)  107.78(344)  109.20(258)
H-N-C(3) 108.94(112)  104.11(534)  105.99(517)  109.33(351)  105.84(254)
Torsion angles (°)
H-N-B-C(10) —0.73 3.80 9.41 31.84 32.23
O(1)-B-N-C(2) —6.02 11.49 10.47 27.23 29.06
0(3)-B-N-C(3) 4.04 16.42 19.37 41.98 41.49
Plane Deviation (A)
Plane 1
C(3)-C(4)-C(5)-C(6)-C(1)-C(8)-C(9)-0(3)
N 1.0188 0.9713 —0.9499 0.5761 —0.5657
B 0.9510 0.7406 —0.7192 0.0912 —0.0722
Plane 2
O(1)-C(1)-C(2)-0(2)
N 0.1038 —0.1473 —0.1360 0.5142 0.4898
B —0.0035 0.0539 0.0515 0.0508 —0.0150
%THC of B 78.52 77.54 79.31 72.32 74.80

3. Conclusions

In conclusion, boron compounds derived from tri-
dentate ligands 1a—1i yield five- and six-fused membered
rings due to N — B bond formation (3a—3i). In all cases,
the ring fusion for the H-N — B—Ph fragment is cis and
the reaction is highly stereoselective yielding structures
with ‘S’ configuration for the boron atom and ‘R’ for
the nitrogen (for compounds 3b—3g, and 3i), this was
demonstrated by 2D-NMR NOESY experiments and
confirmed by the X-ray analysis of compounds 3a, 3e
and 3h. While there is an increased tension in the five-
membered ring, hence the deformation of the boron
atom from the idealized tetrahedron geometry is in an
average of 76.5%. The theoretical calculations are in

good agreement with the experimental data and the
THC is a powerful tool to evaluate the stabilization of
such molecules. The results show that the greater the
stabilization of the compounds, the greater the THC
value, also there is a significant influence of the
configuration of these newly formed stereogenic centers
on the N — B bond lengths. Compounds 3a—3i are stable
in aprotic solvents and biological evaluation is under
progress.

4. Experimental

NMR experiments were performed on a JEOL
Eclipse +400 spectrometer at room temperature (r.t.).
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Compound 3a.

Compound 3e.

Fig. 1. Perspective view of the molecular structure of compounds 3a and 3e.

All 'H and *C resonances are reported relative to TMS,
15N resonances are relative to neat MeNO,, g spectra
was obtained relative to BF3-OEt, and all the samples
were determined using DMSO-dg as solvent. The IR
spectra were recorded as KBr pellets on a Perkin—Elmer
16F PC FT-IR spectrometer. Mass spectra were ob-
tained on a Hewlett-Packard 59940-A spectrometer at
20 eV electron impact. Melting points were measured in
open capillary tubes on a Gallenkamp MFB 595
apparatus and have not been corrected. Elemental
analyses were determined in a Barioel equipment. X-
ray diffraction analyses were determined on an Enraf
Nonius-CAD4 diffractometer.

4.1. General procedure. Preparation of 2-phenyl-6-aza-
1,3-dioxa-2-borabenzocyclononen-4-ones (3a—3i)

A 0.5 g (2.76 mmol) quantity of compound la was
added to a flask which contained 0.337 g (2.76 mmol) of

C119

phenylboronic acid 2, 80 ml of C¢Hg and 1-3 ml of
DMSO were added and the solution was refluxed for 8
h. The solvent was removed under vacuum and the
residue dissolved in methylene chloride and
CH;COCH;. The product was precipitated by addition
of C¢Hy4, obtaining 0.597 g (2.236 mmol, 81%) of
compound 3a.

The remaining compounds (3b—3i) were prepared
using the molar ratios reported in the general procedure.

4.1.1. 2-Phenyl-6-aza-1,3-dioxa-2-borabenzocyclononen-
4-one (3a)

Compound 3a. White solid, 81.0% yield, m.p. 203—
205 °C. IR (v) (KBr); 3118 (NH), 3072, 3046, 2908,
1740 (COOB), 1728 (COOB), 1608, 6 1506 (NH), 1488,
1460, 1320, 1294, 1268, 1250, 1240, 1220, 1060, 1030,
1014, 974, 770, 748, 704, 698 cm ~'; MS m/z (%): 268
(M™* +1,4),267 (M™, 16), 208 (11), 190 (28), 189 (91),
188 (85), 187 (16), 162 (100), 161 (27), 107 (16), 78 (15).

Compound 3h.

Fig. 2. Perspective view of the molecular structure of compound 3h.
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3a

3e

Fig. 3. Perspective view of the intermolecular interaction of compounds 3a and 3e.

Fig. 4. Perspective view of the intermolecular interactions in com-
pound 3h.

Anal. Found: C, 67.25; H, 5.37; N, 5.32. Calc. for
C;sH4BNO;s: C, 67.45; H, 5.28; N, 5.24%. Suitable
crystals were obtained in a 2:1:2 mixture of
C¢H4:CH,Cl,:CH;COCH3;.

25,N(R),B(S)
(experimental product)

3a-3i 4a-4i

2(S), N(S),B(R)

4.1.2. (28,5S8,6R )-2-Phenyl-6-aza-1,3-dioxa-5-methyl-
2-borabenzocyclononen-4-one (3b)

Compound 3b. White solid, 83% yield, m.p. (dec.)
211 °C. [o]g = +1.68° (c=0.214, MeOH); IR (v)
(KBr); 3160 (NH), 2924, 1732 (COOB), 1608, 1506
(NH), 1488, 1464, 1330, 1296, 1280, 1236, 1048, 1036,
960, 754, 696 cm ~'; MS m/z (%): 282 (M +1, 4), 281
(M ™, 18), 204 (48), 203 (81), 202 (51), 194 (10), 177 (13),
176 (100), 175 (27), 159 (12), 149 (11), 148 (10), 134 (11),
132 (12), 107 (16). Anal. Found: C, 68.53; H, 5.65; N,
4.94. Calc. for CigH;(BNO3: C, 68.36; H, 5.74; N,
4.98%.

4.1.3. (28,5S,6R )-2-Phenyl-6-aza-1,3-dioxa-5-iso -
propyl-2-borabenzocyclononen-4-one (3c¢)

Compound 3c. White solid, 78% yield, m.p. 221-
222 °C. [o]f = +2.75° (c=0.218, MeOH); IR (v)
(KBr); 3126, 3072, 2968, 2880, 1724 (COOB), 1720
(COOB), ¢ 1506 (NH), 1488, 1464, 1330, 1290, 1280,
1232, 1204, 1076, 1040, 974, 758, 704 cm—'; MS m/z
(%): 310 M ™ +1, 5), 309 M ™, 21), 233 (10), 232 (76),
231 (37), 205 (17), 204 (100), 203 (25), 189 (11), 188 (14),
187 (10), 148 (15), 134 (29), 107 (19). Anal. Found: C,

2 s s\‘
o S
0 =g

2(S),N(S),B(S)

2(S),N(R).B(R)

5a-5i 6a-6i

Fig. 5. Possible diastereoisomers.



Table 5

AMI parameters for compounds 3a—3i, 4a—4i, 5a—5i and 6a—6i

Compound AH/” (kcal dgN—»B) 0(0-B—-N)Ocarboxytate ~ (O=B=N)Oppenotic ~ #(O-B—C)Ocarboxytate ~ #(0-B-C)0,, I(N-B-C) 0(0-B-0) ¢H-N-B-C) THC

mol ") (A) ©) ©) ©) ©) ©) @) ©) (%)

3a —3826.48 1.688 103.12 113.31 114.29 112.05 108.69 105.13 2.83 74.77
5a —3811.40 1.701 98.22 103.72 112.35 117.94 112.94 109.60 —170.15 64.57
3b —4107.38 1.679 103.33 113.61 114.00 111.82 109.06 104.78 4.80 75.27
4b —4103.25 1.693 103.67 112.17 114.40 116.91 107.35 101.61 8.67 65.72
5b —4092.69 1.694 98.80 103.23 112.51 117.21 113.36 109.85 168.04 64.56
6b —4090.89 1.690 98.20 103.49 111.90 116.86 115.07 109.49 —169.40 63.72
3¢ —4668.06 1.676 103.18 113.67 114.13 111.64 109.18 104.81 4.31 75.07
4c —4662.71 1.684 102.69 113.84 115.08 115.20 108.10 101.28 17.61 64.39
5¢ —4653.44 1.695 98.86 103.23 112.56 117.04 113.44 109.87 167.22 64.68
6¢ —4650.62 1.689 98.41 103.86 112.36 116.89 114.79 108.67 —169.44 63.22
3d —4950.86 1.677 103.35 113.69 113.96 111.74 109.14 104.72 4.65 75.36
4d —4946.56 1.688 103.55 112.68 114.53 116.09 107.93 101.38 9.63 66.18
5d —4934.43 1.691 98.39 103.98 112.45 117.66 113.00 109.38 170.42 65.16
6d —4931.04 1.686 98.19 103.57 112.09 116.62 115.30 109.24 —169.27 63.32
3e —4948.65 1.678 103.23 113.56 114.16 111.89 108.97 104.77 7.98 74.84
4e —4943.79 1.683 102.78 113.52 114.99 115.32 108.13 101.15 16.41 64.70
Se —4934.35 1.691 98.66 103.41 112.55 117.16 113.39 109.80 168.47 64.63
6e —4931.64 1.689 98.32 103.84 112.30 116.86 114.95 108.70 —169.81 63.06
3f —5418.00 1.670 103.20 113.95 113.65 112.26 109.77 103.61 16.07 73.53
4f —5411.44 1.689 103.15 113.09 114.49 115.90 107.94 101.58 14.23 65.77
5f —5404.02 1.691 98.91 103.54 112.23 117.12 113.36 109.88 168.61 65.40
of —5394.37 1.684 97.99 101.42 111.25 114.10 120.22 110.39 163.33 58.28
3g —4728.36 1.680 103.32 113.57 113.94 112.31 108.60 104.83 —3.68 74.37
4g —4725.99 1.688 103.25 113.54 114.64 111.78 108.70 104.71 —-0.91 74.11
5g —4713.81 1.697 98.95 102.96 112.46 117.07 113.65 109.90 —166.91 64.26
6g —4712.00 1.686 98.40 103.91 111.97 116.88 114.77 109.11 169.70 64.22
3h —5031.35 1.680 103.38 113.33 114.43 111.81 108.58 105.10 2.44 74.99
4h —5027.61 1.687 102.87 113.61 114.75 111.74 108.49 105.17 6.89 73.81
5h —5015.93 1.678 99.45 102.45 112.09 114.25 117.12 110.17 164.30 63.63
6h —5012.74 1.685 97.98 103.06 111.51 116.04 117.08 109.41 —168.65 62.02
3i —5314.26 1.670 103.22 113.96 113.62 112.27 109.83 103.54 16.29 73.42
4i —5306.41 1.694 102.39 113.82 114.71 111.75 108.19 105.77 12.67 73.41
5i —5300.30 1.690 98.91 103.56 112.22 117.14 113.35 109.86 168.64 65.44
6i —5290.52 1.685 97.97 101.34 111.15 114.05 120.42 110.47 —163.22 58.02

0C

POC—F#61 (200C) LS9 Lustway)y dypiawounsi() Jo jpuinof | ‘v 12 upaijog 'H
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69.67; H, 6.67; N, 4.59. Calc. for C,gH,BNOs3: C, 69.93;
H, 6.52; N, 4.53%.

4.14. (2S8,55,6R )-2-Phenyl-6-aza-1,3-dioxa-5-iso-
butyl-2-borabenzocyclononen-4-one (3d)

Compound 3d. White solid, 97% vyield, m.p. 216—
218 °C. [o]y = +14.06° (c=0.32, MeOH); IR (v)
(KBr); 3125 (NH), 3076, 3050, 2962, 2896, 1716
(COOB), 1610, 1506 (NH), 1490, 1466, 1456, 1364,
1340, 1302, 1280, 1234, 1224, 1204, 1076, 1044, 974, 752,
702 cm ', MS m/z (%): 324 M T +1,5),323 (M, 18),
247 (11), 246 (76), 245 (59), 244 (24), 222 (10), 219 (16),
218 (100), 217 (25), 189 (13), 188 (14), 176 (27), 162 (45),
161 (13), 134 (14), 132 (10), 107 (13). Anal. Found: C,
70.87; H, 6.78; N, 4.25. Calc. for C;oH»,BNOs: C, 70.61;
H, 6.86; N, 4.33%.

4.1.5. (28,5S8,6R )-2-Phenyl-6-aza-1,3-dioxa-5-sec-
butyl-2-borabenzocyclononen-4-one (3e)

Compound 3e. White solid, 84% yield, m.p. 221-
222 °C. [a]f = +53.33° (¢=0.195, MeOH); IR (v)
(KBr); 3124 (NH), 3072, 3050, 2968, 2916, 1720
(COOB), 1510 (NH), 1492, 1434, 1358, 1296, 1256,
1232, 1206, 1112, 1078, 1050, 1042, 1034, 756, 702
cm ' MS milz (%): 324 M +1, 6), 323 (M T, 21), 247
(13), 246 (89), 245 (34), 222 (11), 219 (18), 218 (100), 217
(25), 189 (17), 188 (13), 162 (19), 134 (28), 107 (17) Anal.
Found: C, 70.35; H, 6.98; N, 4.40. Calc. for
C19H»,BNO3: C, 70.61; H, 6.86; N, 4.33%. Suitable
crystals were obtained in a 2:1:2 mixture of
C6H14:CH2C122CH3COCH3.

4.1.6. (2S,5S,6R )-2-Phenyl-6-aza-1,3-dioxa-5-(4'-
hidroxybenzyl )-2-borabenzocyclononen-4-one (3f)

Compound 3f. White solid, 78%, yield m.p. 151-
152 °C. [a]f = +2.6° (¢=0.192, MeOH); IR (v)
(KBr); 3260 (NH), 3074, 3050, 3014, 2928, 1726
(COOB), 1612, 1516 (NH), 1488, 1464, 1450, 1434,
1368, 1350, 1334, 1314, 1300, 1264, 1238, 1110, 1048,
1040, 1028, 976, 960, 890, 846, 764, 742, 702 cm ~'; MS
mlz (%): 374 M* +1, 4), 373 (M ™, 16), 297 (12), 296
(69), 295 (20), 268 (36), 267 (13), 208 (17), 188 (15), 134
(22), 108 (12), 107 (100). Anal. Found: C, 70.31; H, 5.70;
N, 3.83. Calc. for C5,H,0BNO4: C, 70.80; H, 5.40; N,
3.75%.

4.1.7. (28,55,6R )-2-Phenyl-6-aza-1,3-dioxa-5-(2-
methylsulfanyl-ethyl)-2-borabenzocyclononen-4-one (3g)
Compound 3g. White solid, 76% yield, m.p. (dec.)
230 °C [a]5 +2.57° (¢ =0.201, MeOH); IR (v) (KBr);
3124 (NH), 3072, 3048, 3012, 2918, 2850, 1740 (COOB),
1734 (COOB), 1718, 1702, 1516 (NH), 1488, 1464, 1434,
1340, 1280, 1236, 1206, 1112, 1078, 1042, 976, 760, 708
cm ' MS m/z (%): 342 (M ™ +1, 6), 341 (M, 28), 265
(15), 264 (91), 263 (31), 237 (15), 236 (100), 235 (27), 209
(14), 208 (53), 207 (13), 202 (10), 190 (14), 189 (10), 188

(55), 187 (26), 174 (17), 162 (17), 148 (10), 107 (21), 61
(52), 56 (15). Anal. Found. C, 63.95; H, 5.80; N, 4.02; S,
9.40. Calc. for C13H,,BNOsS: C, 63.36; H, 5.91; N, 4.10;
S, 9.40%.

4.1.8. 2,5-Diphenyl-6-aza-1,3-dioxa-2-
borabenzocyclononen-4-one (3h)

Compound 3h. White solid, 68% yield, m.p. 213-
215 °C. IR (v) (KBr); 3102 (NH), 3072, 2896, 1744
(COOB), 1724 (COOB), 1512 (NH), 1490, 1464, 1446,
1372, 1352, 1326, 1290, 1264, 1244, 1076, 1042, 1010,
978, 950, 764, 756, 744, 702 cm~'; MS m/z (%): 344
(M™ +1,5), 343 (M ™, 19), 299 (15), 266 (42), 265 (26),
264 (11), 239 (27), 238 (100), 237 (27), 222 (13), 221 (20),
211 (24), 210 (12), 194 (29), 193 (14), 148 (38), 107 (16),
106 (15), 104 (10), 90 (10). Anal. Found. C, 73.95; H,
5.47; N, 4.25. Calc. for C,;H;sBNOs: C, 73.50; H, 5.29;
N, 4.08%. Suitable crystals were obtained in a 2:1:2
mixture of C¢H14:CH,Cl,:CH3COCH;. The existence of
a racemic mixture was established by 'H and '*C-NMR
experiments using Europium tris(3-(heptafluoropropyl-
hydroxymethylene)-(-)-camphorate [44].

4.1.9. (28,55,6R )-2-Phenyl-6-aza-1,3-dioxa-5-benzyl-
2-borabenzocyclononen-4-one (3i)

Compound 3i. White solid, 74% yield, m.p. 183—
185 °C. [oz]f)5 = —27.01° (¢=0.213, MeOH); IR (v)
(KBr); 3258 (NH), 3126, 2920, 1732 (COOB), 1608,
1506 (NH), 1488, 1464, 1330, 1296, 1280, 1236, 1048,
1036, 960, 754, 696 cm ~'; MS m/z (%): 358 (M ™ +1, 5),
357 (M, 18), 281 (18), 280 (100), 279 (36), 253 (17), 252
(84), 251 (21), 188 (24), 148 (10), 134 (29), 107 (29), 91
(40). Anal. Found. C, 74.35; H, 5.60; N, 3.70. Calc. for
C22H20BN032 C, 7397, H, 564, N, 3.92%.

4.2. X-ray structures of boronates 3a, 3e and 3h

Crystallographic data for 3a, 3e and 3h were acquired
on an Enraf Nonius-CAD4 diffractometer, using Mo—
K, radiation with graphite monochromator at 293 K
and the w—-26 scan mode technique for both unit-cell
determination and data collection. Crystals were
mounted in LINDEMAN tubes. All data were corrected
for Lorentz and polarization effects. Absorption correc-
tion was performed with sHELX-A procedure [45]. The
structures were solved using direct methods with the
SHELX-S-97 and SHELX-L-97 ver. 34 programs for
refinement and data output [45], included in WIN-GX
program set [46]. The corresponding images were
prepared with orTEP 3 program [47]. Non-hydrogen
atoms were refined anisotropically. Hydrogen atoms
were positioned geometrically and one overall isotropic
thermal parameter was refined.
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5. Supplementary material

Tables of crystallographic parameters, atomic coordi-
nates, anisotropic thermal parameters, bond distances,
bond angles as well as a list of the structural factors have
been deposited with the Cambridge Crystallographic
Data Center, CCDC no. 172020 for 3a, 172021 for 3e,
172022 for 3h. Copies of this information may be
obtained free of charge from the Director, CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (Fax: +44-
1223-336033; email: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).
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